INTRODUCTION
Excessive rates of Cesarean section have been a major public health concern in North America in recent years. Most Cesarean sections for primigravid patients are performed for dystocia, and this is exceeded only by previous Cesarean section as an indication for Cesarean delivery in Canada 1 and the United States. 2 However, the reasons for, and predictors of, failure to progress in labor are poorly understood.
There is some evidence that rate and regularity of uterine contractions may affect the progress of labor; Lindgren 3 demonstrated that for the same level of uterine activity, maximal rates of cervical dilatation were achieved when the contraction rate was 21/hr to 23/hr, and Lindmark and Nilsson 4 showed that irregular contraction intervals in the active phase of labor were associated with slower progress and increased uterine work required to produce cervical change. Coupling of uterine contractions has also been associated with longer duration of labor, increased uterine activity integral, and increased Cesarean section rate in nulliparous women. 5 However, in another small study of a mixed group of spontaneously laboring women, both nulliparous and multiparous, proceeding to spontaneous vaginal, operative vaginal, or Cesarean delivery, there was no correlation between contraction frequency and cervical dilatation. 6 Thus, the relationship between uterine contraction pattern and progress of labor remains unclear. The uterine contraction pattern, both rate and regularity, can easily be measured non-invasively and may be a potentially useful marker of inefficient uterine action.
We set out to study the pattern of uterine contractions in labor in nulliparous women delivered by Cesarean section for dystocia compared with women delivering vaginally; firstly, to ascertain whether there are any features of uterine contraction pattern predictive of failure to achieve vaginal delivery, and secondly, to examine the effect of oxytocin on the contraction pattern.
METHODS
Data were extracted from the Ottawa General Hospital labor and delivery database, which contained over 10,000 records including
OBJECTIVE:
To determine whether analysis of the frequency or regularity of uterine contractions can distinguish between women delivering vaginally and women requiring Cesarean section for dystocia.
STUDY DESIGN:
This was a case -control study. Cases meeting the following criteria were identified: nulliparous women in spontaneous labor, singleton pregnancy, cephalic presentation, 37 to 42 weeks' gestation, Cesarean section for dystocia, a minimum of three analyzable hours of electronically archived cardiotocograph ( CTG ) prior to onset of the second stage. Cases delivered by Cesarean section for dystocia were each matched with two controls delivering vaginally. The peak of each contraction was visually identified and electronically marked on each CTG trace. A moving average ( MTIME ) and standard deviation ( SDTIME ) of five interpeak times were calculated for successive 30 -minute periods and plotted against cervical dilatation for each group.
RESULTS:
Overall, both MTIME and SDTIME fell as labor progressed, with these changes being more marked in the vaginal delivery group. In women requiring oxytocin, the rate of fall of MTIME and SDTIME was significantly greater following oxytocin in the group which subsequently delivered vaginally ( slope of MTIME À 2.71 pre -oxytocin and À 28.95 postoxytocin, p = 0.0004; slope of SDTIME À 0.44 and À 6.44, p = 0.0002 ) . No such change was seen in the Cesarean section group.
CONCLUSION:
As normal labor progresses, there is a shortening of the intercontraction interval and an increase in contraction regularity. A successful response to oxytocin augmentation may be predicted by the change in contraction pattern following treatment. Original Article
demographic data and electronically archived cardiotocograph (CTG) labor traces. Cases were selected by the outcome of Cesarean section for dystocia and were matched with controls delivering vaginally. All cases in the database satisfying the following criteria were identified: nulliparous women with spontaneous onset of labor, singleton pregnancy, cephalic presentation, 37 to 42 weeks' gestation, Cesarean section for dystocia in the first stage of labor (failure to progress or cephalopelvic disproportion), minimum of 3 hours of analyzable tocograph trace prior to the onset of the second stage. Each case was matched with two controls, these being the next consecutive cases delivering vaginally which matched most closely for age and ethnic group. Data on length of labor, methods of analgesia, birth weight, and timing of oxytocin augmentation were also collected. CTG traces were analyzed using customized software written in Visual Basic. The peak of each contraction was visually identified by the same observer, who was blinded to the outcome, and was marked electronically on the trace. Intervals between successive contractions were then calculated. The average of each string of five consecutive interpeak intervals was calculated to obtain a moving average, designated MTIME, for successive 30-minute periods, and the sample standard deviation of these five observations was recorded as SDTIME. MTIME, therefore, represents the frequency of uterine contractions, and a reduction in its value indicates that contractions are occurring with increased frequency. SDTIME represents the regularity of uterine contractions, and a reduction in its value indicates that contractions are occurring more regularly. Vaginal examination data from each labor were used to generate a plot of cervical dilatation against time. MTIME and SDTIME were plotted against this dilatation for the two groups.
For subsequent analysis, only data between 3 and 8 cm dilatation were used because prior to 3 cm dilatation, there was little data for either group, and beyond 8 cm dilatation, there were minimal data for the Cesarean section group. This period of labor was also felt to be the most important clinically in terms of Values are mean ± SD or n ( % ) except * median ( interquartile range ) . p = unpaired t -test. Figure 1 . Plots of MTIME against cervical dilation for Cesarean section and vaginal delivery groups. Line represents a smoothed version of moving average.
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Contraction Pattern Predicts Mode of Delivery predicting outcome, e.g., a tool predicting Cesarean section before 3 cm would not be considered to have allowed an adequate trial of labor, whereas prediction of Cesarean section after 8 cm would be too late to be clinically useful. In order to examine the effect of oxytocin, data were divided into sets according to mode of delivery and whether the data were derived before or after the use of oxytocin. Five sets of data were thus generated: Cesarean section before oxytocin, Cesarean section after oxytocin, vaginal delivery before oxytocin, vaginal delivery after oxytocin, and vaginal no-oxytocin. MTIME and SDTIME were plotted against time for each individual patient, and the slope of the best fit line between points was calculated for each patient before and after the time oxytocin was started. A minimum of three data points was required to produce a best fit line; labors with only two points of data pre-or post-oxytocin were excluded. Thus, for each labor where oxytocin was used, two slopes were calculated. For each patient in the vaginal no-oxytocin group, one slope was calculated. There were some individuals with insufficient data to compute a slope both before and after oxytocin. Within each of the Cesarian section and vaginal delivery groups, the mean slopes of MTIME and SDTIME before and after oxytocin were compared using paired t-tests adjusted for unequal variance. Unpaired t-tests were used for comparisons of mean slopes between the vaginal delivery and Cesarean section groups. A more negative slope represents increasingly frequent contractions (for MTIME), or more regular contractions (for SDTIME) analysis was performed using SAS (PC version 6.12). A p value of <0.05 was considered statistically significant.
RESULTS
Eighty-five cases of Cesarean section for failure to progress, which met the selection criteria, were identified in the database. Of these, 21 were excluded because of missing or inadequate CTG, leaving 64 cases which were matched with 128 vaginal deliveries. Demographic data for the groups are shown in Table 1 . There was no significant difference between the groups in terms of maternal age or gestation; however, mean birth weight was significantly higher in the Cesarean section group (3623.3 g) than in either the vaginal deliveries with oxytocin (3390.3 g) or without oxytocin (3379.9 g) (p<0.01).
Median duration of labor was significantly greater in the Cesarean section group than in those delivering vaginally without oxytocin (712 minutes, p<0.0001) or vaginal deliveries with oxytocin (826 minutes, p<0.005). There was no significant difference between the two vaginal delivery groups in length of labor. Epidural usages were similar in the Cesarean section and vaginal delivery groups. Figures 1 and 2 show MTIME and SDTIME for Cesarean and vaginal delivery groups. MTIME decreases as labor progresses for the vaginal delivery group, but this is not clearly seen in the Cesarean section group. A similar decrease in SDTIME is seen in the vaginal delivery group. This demonstrates that in those going on to a vaginal delivery, contractions become closer together and more regular as labor progresses.
The number of cases, their mean slopes of MTIME and SDTIME against cervical dilation, both before and after oxytocin, for Cesarean section and vaginal delivery groups, as well as slopes for those delivering vaginally without the use of oxytocin, are shown in Table  2 . The p values in the table refer to horizontal comparison of the mean slopes before and after oxytocin, within each of the Cesarean section and vaginal groups. In the Cesarean section group, there is no significant change in the slopes of either MTIME or SDTIME. However, in the vaginal group, a significantly steeper slope is seen after oxytocin for both MTIME and SDTIME.
The data in Table 2 can also be compared vertically between the Cesarean section and vaginal groups. There is no difference in MTIME before oxytocin in the Cesarean versus vaginal groups (mean +1.6 SD ±34.7 vs À2.7±20.9, p=0.48). There is a trend to a greater negative slope when comparing the vaginal no-oxytocin group to either the Cesarean section before oxytocin group ( À47.2±199 vs +1.6±34.7, p=0.051) or to the vaginal before oxytocin group ( À47.2±199 vs À2.7±20.9, p=0.056). After oxytocin, the mean slope of MTIME is significantly steeper in the vaginal group compared to Cesarean section ( À29.0±36.7 vs À6.2±45.3, p=0.00114).
Similarly, vertical comparison of SDTIME among the three groups in Table 2 shows no difference before oxytocin. After oxytocin, there is a significantly steeper slope for the vaginal group compared to the Cesarean section group ( À6.4.±9.7 vs À0.4±5.3, p=0.0002). There is also a steeper slope for SDTIME in the vaginal group after oxytocin compared to the vaginal no-oxytocin group ( À6.4+9.7 vs À0.8+3.7, p=0.0001).
The above results are presented diagrammatically in Figures 3  and 4 for visual comparison.
DISCUSSION
Our study demonstrates that during the active phase of labor, contractions occur with increasing frequency and the contraction pattern becomes more regular -both effects being most marked in labors which progress to vaginal delivery. Furthermore, women who will have an unassisted labor and delivery tend to have a faster decline in MTIME than those who subsequently require augmentation with oxytocin or Cesarean section, although this does not quite reach statistical significance.
We have also shown that patients subsequently requiring Cesarean section for dystocia show no significant response to oxytocin in terms of change in MTIME or SDTIME. Those patients who respond to Oppenheimer et al.
Contraction Pattern Predicts Mode of Delivery oxytocin and go on to deliver vaginally, in contrast, show a significant decline in both MTIME and SDTIME. It is interesting to note that those women receiving oxytocin and delivering vaginally had a significantly greater mean negative slope of SDTIME following oxytocin than those women who did not require oxytocin, suggesting that a successful response to oxytocin increases regularity of contractions at a more rapid rate than that which occurs in normal labor.
Our study has some limitations: firstly, because of the wide variation in contraction patterns between patients within the same group as well as between groups, which is reflected in the scatter of data and large standard deviations. This finding is consistent with results of other published works also showing a wide variation between patients; 7 secondly, because of the large number of data points generated, some data reduction was employed for analysis. We acknowledge that there are other methodological approaches that could be employed.
Quantitative descriptors of uterine activity, using an intrauterine pressure catheter such as the Montevideo unit, 8 and the uterine activity integral 9 include contraction frequency as part of the calculation of uterine activity, but do not specifically address regularity of contractions. The techniques are invasive and poorly predictive of labor outcome. 10, 11 We have demonstrated differences in the changing rate and rhythm of contractions as labor progresses, as well as a change in these parameters in response to oxytocin in women who deliver vaginally. This response in contraction pattern, not seen in those women who subsequently require Cesarean section delivery, may potentially be useful as a non-invasive tool to predict the success of oxytocin augmentation of labor.
